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1.0  INTRODUCTION 
T h i s  r e p o r t  covers t h e  design, f a b r i c a t i o n ,  and t e s t i n g  of t h e  
i n t e g r a l  l u b r i c a t i o n  pump and complies with t h e  requirements of 
t h e  amended c o n t r a c t  NAS 9-6879, 
2.0 PUMP DESIGN 
The i n t e g r a l  pump design u t i l i z e d  t w o  p o s i t i v e  displacement pump 
elements manufactured by W. H, Nichols Company. The model 8030 
pump s e l e c t e d  fo r  use had a capac i ty  of 0.30 cubic inches per  
inch  of th ickness  p e r  revolu t ion .  The design flows f o r  t h e  
scavenge and supply pumps w e r e  2.0 and 1.0 gpm, respec t ive ly .  
For t h e s e  flow requirements, t h e  necessary th icknesses  ' for  t h e  
pump elements  w e r e  0.500 inch f o r  t h e  scavenge pump and 0.250 
inch  f o r  t h e  supply pump. Pump component d e t a i l s  are shown i n  
t h e  included TRW drawing 814099-15. The assembly procedure fo r  
t h e  gea r  pump is shown i n  t h e  Appendix. The pump housing 
incorpora tes  t h e  scavange and supply pump elements separa ted  by a 
spacer. 
Figure 1 shows schematical ly  t h e  speed reduct ion  gear ing system 
u t i l i z e d  t o  d r i v e  t h e  pump s h a f t  from t h e  t u r b o a l t e r n a t o r  shaf t .  
The speed reduct ion  is accomplished i n  t w o  s teps .  The pinion 
which is  a t tached  t o  the t u r b o a l t e r n a t o r  s h a f t  has 1 4  teeth and 
d r ives  t h e  double gear  s h a f t  a t  9830 rpm when the  t u r b o a l t e r n a t o r  
s h a f t  speed is 33,000 rpm. The double gear s h a f t  has  a pinion 
mating gear with 47 teeth and a pump drive gear w i t h  15 t e e t h .  
T h e  second speed reduct ion is  accomplished by d r iv ing  t h e  pump 
s h a f t  gear which has 46 teeth with t h e  15 too th  pump d r i v e  gear 
a t t ached  t o  t h e  double gear sha f t .  The  speed reduct ion  r e a l i z e d  
i s  from 9830 t o  3200  rpm. 
The  double gear  s h a f t  and pump s h a f t  a r e  both supported with a 
b a l l  and roller bear ing combination t o  allow for thermal d i f f e r -  
e n t i a l  expansion between t h e  s h a f t s  and the  housings. A 
t u r b o a l t e r n a t o r  s h a f t  w a s  extended so t h a t  t h e  d r i v e  p in ion  could 
be locked onto  t h e  sha f t ,  
A l l  gears  w e r e  f ab r i ca t ed  from hea t  treated n i t r i d e d  4140  steel. 
The gear  housing w a s  cast u t i l i z i n g  AMS 5333 steel. The pump 
housing w a s  also made from a c a s t i n g  b u t  the material used was 
Meehanite GA50. The pump s h a f t  w a s  machined from 4340 barstock. 
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3 . 0  TEST DESCRIPTION 
The purpose of t he  pump t e s t  w a s  t o  demonstrate t he  f e a s i b i l i t y  
of the  i n t e g r a l  l u b r i c a t i o n  pump design. The test was conducted 
a t  t he  TRW Cleveland f a c i l i t y ,  The test system schematic is 
shown i n  Figure 2. Although the  f ina l  l u b r i c a t i o n  system design 
w i l l  incorpora te  an o i l  r a d i a t o r  f o r  cooling, it w a s  n o t  employed 
f o r  t h i s  test  because e leva ted  o i l  temperature t e s t i n g  w a s  n o t  
conducted. The o i l  t h a t  w a s  used f o r  t h e  tes t  w a s  PQ l u b r i c a n t  
6423 which complies with t h e  s p e c i f i c a t i o n  MIL-L-23699, This  o i l  
has a s l i g h t  amount of s i l i c o n e  t o  prevent foaming. 
Approximately t w o  ga l lons  of o i l  w a s  placed i n t o  the  o i l  
reservoir. The i n l e t  of t h e  supply pump w a s  connected t o  t h e  o i l  
r e s e r v o i r  by a 1 / 4  inch diameter f l e x i b l e  hose. A 1 / 4  i n c h  
diameter copper tub ing  s e c t i o n  w a s  i n s t a l l e d  between t h e  supply 
pump discharge and the  a l t e r n a t o r  o i l  inlet  port .  I n  addi t ion ,  a 
pressure  gage and a bleed l i n e  w a s  a l so  i n s t a l l e d  i n  t h i s  s e c t i o n  
i n  order t o  measure supply pump performance and a lso t o  provide 
f l o w  c o n t r o l  t o  the tu rboa l t e rna to r ,  A common scavenge l i n e  (one 
inch  diameter f l e x  hose) was connected from t h e  ba l l  bearing and 
roller bearing cavities t o  t h e  i n l e t  of t h e  scavenge pump. The  
scavenge pressure  w a s  measured on a vacuum gage which was mounted 
i n  the scavenge l i n e ,  The scavenge pump discharge was fed back 
i n t o  t h e  r e s e r v o i r  where t h e  f l o w  r a t e  w a s  measured by c o l l e c t i n g  
t h e  f l o w  i n  a 1000 m i l l i t e r  beaker. The o i l  temperature was 
monitored downstream of t h e  supply pump discharge.  Thermocouples 
were used t o  measure t h e  ba l l  bear ing  and ro l le r  bearing 
temperatures. The t u r b o a l t e r n a t o r  s h a f t  speed d i d  not  exceed 
18,000 rpm because of dynamometer l i m i t a t i o n s .  
4.0 TEST RESULTS 
The i n t e g r a l  l u b r i c a t i o n  pump w a s  i n  opera t ion  for approximately 
one hour a t  va r ious  speeds from 0-18,000 rpm. The o i l  
temperature d id  n o t  exceed 1250F. 
The measured pump performance is shown i n  Figure 3. It was 
suspected t h a t  t h e  scavenge pump performance was adversely 
a f f e c t e d  by a i r  l e a k s  i n t o  the scavenge l i n e .  It w a s  determined 
t h a t  t h e  supply pump w i l l  begin pumping o i l  t o  t h e  a l t e r n a t o r  a t  
t u r b o a l t e r n a t o r  s h a f t  speeds of less than  1000  rpm. Thus o i l  
could be suppl ied t o  the  bear ings a f te r  the  f i r s t  pu lse  of t h e  
gas genera tor  during system s t a r t u p .  The test  success fu l ly  
demonstrated t h e  design f e a s i b i l i t y  and v e r i f i e d  the  design 
parameters when t h e  r a t e d  pump c a p a c i t i e s  w e r e  achieved. 
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Figures 4 through 8 show the pump components after t e s t i n g .  
Figure 4 shows the  pump end cap  which con ta ins  t h e  pump shaft  
roller bear ing and the i n l e t  and d ischarge  l i n e s  t o  t h e  supply 
pump. Figure 5 shows an  end view of t he  pump sha f t  and the 
scavenge pump elements assembled i n  the  pump housing. The 
tu rboa l t e rna to r  shaft and gea r  housing are shown i n  Figure 6 w i t h  
t h e  pump housing removed. Figure 7 shows the  pump housing w i t h  
t h e  end cap and gea r  housing removed. However, no te  the pump 
s h a f t  and gear  assemblies bol ted  i n  pos i t ion .  Figure 8 shows an 
exploded view of t h e  pump sha f t  assembly, t h e  pump housing, and 
the  in te rmedia te  shaf t  assembly w i t h  t h e  double gears. 
5.0 RECOMMENDATIONS 
Although, t h e  pump tes t  w a s  successfu l ,  a redesign e f for t  should 
be directed a t  weight reduction. Also, a d d i t i o n a l  t e s t i n g  should 
be done u t i l i z i n g  a tu rboa l t e rna to r  test f a c i l i t y  w i t h  t h e  system 
r a t e d  speed capabi l i ty .  Also of i n t e r e s t  i s  t h e  pump performance 
a t  var ious  l u b r i c a n t  temperatures. 
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Figure 7.  Pump Shaf t  and G e a r  Assemblies 
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APPENDIX 
12 
ASSEMBLY OF GEAR PUMP 
P/N 814099-15 
Note: U s e  l i g h t  machine o i l  on a l l  bearings,  gears ,  and machined 
p a r t s  during assembly. 
U s e  Parker *IO" r i n g  l u b r i c a n t  on a l l  #*Oaf r i n g s  during 
assembly. 
1. A s s e m b l e  3 s tuds  (817611) t o  pump end of gear  housing (817612). 
2. Assemble 2 p re s s  bol ts  (817616) t o  pump end of gear  housing 
(817612) . 
3. Assemble 5 s tuds  (817586) t o  pump end of gear  housing (817612). 
4. A s s e m b l e  r e t a i n e r ,  roller bear ing  (817591) i n t o  pump end of 
gear  housing (817612) and secure i n  p l ace  w i t h  3 s e l f  locking 
hex n u t s  (817605). 
5. I n s t a l l  o u t e r  race of roller bear ing (817583) i n t o  i n t e r -  
mediate bore of gear housing (817612) and secure i n  p lace  
w i t h  bear ing r e t a i n e r  p l a t e  (817590) and 2 s e l f  locking 
hex n u t s  (817607). 
N o t e :  Bearing r e t a i n e r  p l a t e  (817590) w i l l  n o t  be f l u s h  with 
mating surf  ace. 
6. A s s e m b l e  t h e  following p ieces  of t h e  in te rmedia te  s h a f t  
assembly i n  t h e  following order:  
a) Press b a l l  bearing (817582) onto sha f t .  
b) Place bear ing r e t a i n e r  p l a t e  (817581) over t h e  bearing. 
c) Place gear spacer  (817588) next t o  bearing. 
d) Press double gear (817593) onto shaf t .  
e) P r e s s  i nne r  race of roller bear ing (817583) onto sha f t .  
f) Place washer (817584) on sha f t .  
g) Secure s h a f t  assembly with s e l f  locking hex nut. 
7. A s s e m b l e  4 s tuds  (817585) t o  pump cap and pump housing (817615)a 
8. Assemble 6 s tuds  (817585) t o  a l t e r n a t o r  end of pump housing 
(817615). 
9, I n s t a l l  dowel p i n  (817603) and o u t e r  race of roller bear ing 
(817583) i n t o  pump cap (817596) . 
10. I n s t a l l  pump s h a f t  (817597) i n t o  pump housing (817615). 
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11. I n s t a l l  scavenge pump d r iv ing  element (817613) i n t o  pump 
c a v i t y  of pump housing (817615). 
12 .  
13 . 
14.  
15. 
16 .  
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
I n s t a l l  drive p i n  (817603) i n t o  pump s h a f t  (817597). 
CAUTION: D o  not push too far. 
I n s t a l l  b a l l  bearing (817582) on pump s h a f t  and i n  t h e  
housing bore . 
Assemble bear ing  retainer (817581) i n to  pump housing and 
secure with 3 s e l f  locking hex nuts  (817607). 
I n s t a l l  pump d r i v e  gea r  (817594) with woodruff key (817608-2) 
and a 5/16-24 p l a i n  nu t  onto t h e  pump shaf t .  This  i s  a 
temporary assembly a t  t h i s  t i m e .  
I n s t a l l  outer element of scavenger pump (817613) i n t o  pump 
c a v i t y  of pump housing (817615) . Line up threaded hole  w i t h  
narrow pump s l o t  i n  pump housing. 
I n s t a l l  dr iven pump element (817613) i n t o  pump c a v i t y  of 
pump housing (817615). CAUTION: Make s u r e  d o t  f a c e s  up. 
I n s t a l l  l o c a t i n g  p in  (817609) i n t o  scavenge pump (817613) . 
I n s t a l l  pump spacer  (817610) i n t o  pump cavi ty .  
I n s t a l l  outer element of pressure  pump (817614) i n t o  pump 
c a v i t y  of pump housing (817615). 
I n s t a l l  dr iven element of pressure  pump (817614) i n t o  pump 
cavi ty .  
A s s e m b l e  pump cap (817596) t o  pump housing and i n s t a l l  roller 
bear ing (817583) i n t o  pump cap. U s e  trO1l r i n g  (810677-BSA) 
when assembling pump cap i n t o  pump housing. 
I n s t a l l  4 self locking 10-32 hex n u t s  t o  secure t h e  pump 
cap  i n  place. 
N o t e :  There w i l l  be a space of approximately -003 inch 
between pump cap  and pump housing when n u t s  are torqued 
proper1 y. 
I n s t a l l  in te rmedia te  s h a f t  assembly i n t o  pump housing 
(817615). Secure bear ing retainer i n  p lace  with 3 s e l f  
locking 10-32 hex nuts  (817706). 
I n s t a l l  f l a t  washer (817584) and hex n u t  (817606) on pump 
sha f t .  Hold gear  with spanner while  torquing nut. 
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35" 
I n s t a l l  bear ing cap  retainer (817589) with "O** r i n g  (810677- 
BSA). Secure i n  place with 4 hex socke t  cap screws (808624- 
278KA) 
Check f o r  end play of pump s h a f t .  
Check t o  make sure t h e  pump housing (817615) and gear  
housing (817612) f i t  toge ther  and t h a t  t h e r e  i s  no inter-  
f e rence  between t h e  t w o  assembled housings, This i s  merely 
a check of t h e  t w o  housings a t  t h i s  t i m e .  
I n s t a l l  gear  housing (817612) onto t h e  back of a l t e r n a t o r  
housing (816598) using *@Oft r i n g s  (810677-EM) and (808605). 
A l s o  i n s t a l l  t h e  t w o  small t u b e s  (816654) a t  t h i s  t i m e .  
CAUTION: Make sure t h e  scavenge p o r t  of t h e  t w o  housings 
l i n e  up with each other.  Alignment of t h e  t w o  small  t ubes  
with t h e  small r i n g s  should be done with care .  B o l t  
t oge the r  with 9 high temperature hex head bo l t s .  
I n s t a l l  magnetic pickup (816787) on t u r b i n e  sha f t .  (Note: 
L e f t  hand thread)  Lock i n  p l ace  with locknut (815184) and 
torque  t o  37 t o  42 f t - l b .  
I n s t a l l  shoulder washer (817602) , pinion (817592), and woodruff 
key (817608-1) on t u r b i n e  s h a f t  and lock i n  p lace  with 
washer (817584) and s e l f  locking nut  (817606). 
Assemble pump housing (817615) with '*Of1 r i n g  (810677EAA) 
i n t o  t h e  gear  housing (817612). Engage t h e  gears  ca re fu l ly .  
Lock i n  p l ace  with 5 hex head cap  screws (MS 35308-305) and 
dowel p i n  (808627-17A) 
I n s t a l l  connectors (817598-1) and 2 p ieces  (817598-2) w i t h  
"0" r i n g  (808650-AMA) t o  t h e  proper pump ports.  Secure i n  
p l ace  with hex socket  cap screws (808624-223 KA).  
I n s t a l l  scavenge inlet connector (817604) and housing 
ou t l e t  connector (817598-3) with r i n g s  (808650-ASA) t o  
t h e  proper pump ports. Secure i n  p l ace  with hex socket  cap 
screws (808624-223KA). 
I n s t a l l  2 o i l  jets (816619) i n t o  t h e  g e a r  housing. B e  
careful not  t o  damage the OOff r ings .  Secure with No.  8-32 
x 318 long screws i n  each jet, 
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1 .o I NTRODUCT I ON 
This  r e p o r t  describes the work performed dur ing  the  second phase i n  the  develop- 
ment o f  a hypergo l i c  t u rboa l te rna to r  power system. Phase I o f  t h i s  work was 
performed p rev ious l y  under NASA Contract  NAS 9-4820 and was continued as Phase I I  
under Contract  NAS 9-6879. The e f f o r t  dur ing  the  Phase I 1  program was d i rec ted  
toward f i n a l i z i n g  and v e r i f y i n g  the design o f  a f l i g h t - t y p e  system for use as a 
complimentary Lunar Module (LM) E l e c t r i c a l  ,Power System t o  extend LM s tay  time. 
The work described i n  t h i s  repo r t  includes the  r e s u l t s  o f  component and f l i g h t  
system development and two 100 hour system endurance tes ts .  
con t rac tua l  performance covered approximately a 10 month t ime span from A p r i l  
1967 through January 1968. 
The pe r iod  o f  
